Abstract. The processes of air-water interaction are in general use in engineering. Air and water tend to be the most popular heat-storage media. In particular, the process of airwater cooling is widely used in water cooling at thermal electric power stations in cooling towers, in systems of in-plant water recirculation, etc.
INTRODUCTION
The processes of air-water interaction are in general use in engineering. Air and water tend to be the most popular heat-storage media. In particular, the process of air-water cooling is widely used in water cooling at thermal electric power stations in cooling towers, in systems of in-plant water recirculation, etc.
The study of heat-and-mass transfer in humid air has both theoretical and practical significance and up to the present moment it is not fully investigated, as the conventional method of mass transfer calculation on the basis of Reynolds analogy as applied to the processes connected with heat-tohumidity air conditions change turns out to be not applicable in the most cases [1] .
The objective of the present study is to analyze the air-water cooling process based on experimentation. At the inlet of the bubble-agitated liquid cooler the air with environmental parameters was delivered. Passing through the bubble column the air went into the separator, and then to the suction pipe of the blower installation. The liquid (water) was delivered out of water-supply system into the heater, then to the bubble-agitated liquid cooler grill.
In experiment cooler restriction, liquid flow, input/output gas and liquid temperature and bubble column temperature were measured.
The restriction was measured by means of U-differential meter. There was also gravimeter measurement. Gas and liquid temperatures were determined by copper-constantan thermocouples. There were estimations of gas flow necessary for calculations.
The fig.2 shows the dependence of ǻT g =T 2 -T 1 on ǻT l =T l1 -T l2 where T 1 , T 2 , T l1, T l2 are input/output gas and liquid temperatures correspondingly. The results obtained allow us to assess the depth of cooling range reached within the experiment. The experimental data were treated in accordance with the methods described in [1] . The equation of heat balance is the following one: Having divided left and right parts of equation (1) into ȡc p V 0 Fǻt, we receive
The equation (2) will be written as
Let us introduce the following notations
In fig.3 there are the experimental data dependence of coefficients K2 and K1 and calculation on (3) (diagonal line). The experimental data also allow us to estimate the coefficient of efficiency of air-water cooler using a formula
where Q =Q l =c p G(t l1 -t l2 ) is heat energy given back by liquid in actual process, Q u =c p G(t l1 -t gm2 ) -heat energy given back by liquid in ideal process, where t gm2 is a temperature of wet-bulb thermometer at the cooler outlet.
The fig. 4 shows the cooler coefficient of efficiency dependence on initial liquid temperature. As seen, the bulb column has enough high coefficients of process efficiency (0,8-0,98%). As noted above while analyzing data on mass-transfer in bubble columns the surface area of bubbling grill is used as a calculation. In such a case a mass-transfer coefficient is called "surface coefficient". The second method of determination of calculated mass-transfer coefficient is connected with estimation of complete surface of phase contact. Thus, the mass-transfer coefficient is called "true coefficient".
However, according to the present views both methods of mass-transfer coefficient estimation do not give a real indication of mass-transfer processes in bubble columns. Thus, in research of aerosol entrapment in bubble column there is one essential mechanism of particles emission out of the flow called "shock mechanism" when the basic particles emission takes place together with the shock of flow of exhaust gas on liquid surface [3] . We may assume that the presented method is more important for molecular systems where the component separation is carried out with molecular and convective diffusion methods.
In this paper when analyzing experience-based data on mass-transfer coefficient we set up the problem to determine the surface area of bubbles generating simultaneously on all the holes of the cooler grill. The computation of that surface is performed by the formula
where F p is grill surface, m 2 ; S -relative area of grill holes, d 0 is a diameter of grill holes,
an average surface of one bubble in duration of rise determined by its mid-radius.
To determine the bubble mid-radius we use the equation which is obtained from the criteria of mass balance of inward gas
After differentiation of (8) we receive the bubble departure diameter
where f is departure frequency which can be equal to f=20s -1 . Using (9) it is estimated the bubble mid-radius from the starting point of its growth to its detachment 
Inserting the obtained expression into the formulas (6), (7) we receive 
Definitely for complete bubble surface we receive
Web of Conferences MATEC
01050-p.4 
The fig. 5 shows the mass-transfer coefficients data in calculation of which we use the area evaluated by the formula (12). Figure 5 . The dependence of mass-transfer coefficient on gas velocity When analyzing data on mass transfer in liquid-gas systems in [4] it is defined to use the dependence for calculating true mass-transfer coefficient obtained for the first time by Higbie [5] , which is also known as approximation in a short period of time of phase contact
where D is a diffusion coefficient, m 2 /s, Ĳ is phase contact time. For the bubble column phase contact time is the time of bubble growth and floating-up. Let us determine the phase contact time in (13) taking into account only the first process stage as the time of the bubble growth on the grill surface up to the moment of its detachment. Then it is possible to find Ĳ by departure frequency f because Ĳ=1/ f. For the bubble column it is common knowledge that f=20 Hz, and with D equal to 2,1Â10 -5 from (13) we obtain ) when its impact on the process of humid air-water interaction tends to be very important according to the research [6] , thus we may state reasonable correlation of obtained results with experimental data.
This fact substantiates the assumption that it is stages of gas outlet from the cooler grill into the bubble that influence the mass transfer process.
Conclusion
The results of experimentation of air-water cooling in the bubble column are given. It is shown that water is cooled down almost to wet-bulb thermometer temperature with the process coefficient of efficiency equal to 0,8-0,98%.
The data on mass-transfer coefficient, which while their reference to the bubble surface in wall layer are in agreement with the results of Higbie's short period phase contact, are provided.
TSOTR 2015
01050-p.5
